Introduction

30
In order to separate bulk material in many industrial applications, screening is a technical 31 simple but important process step to classify particles according to requested size class 32 2 specifications [1, 2] . Until now, screening under the influence of a liquid phase has rarely been 33 investigated. Pure experimental investigations have been performed, e.g. by Guerreiro et al. 34 [3] , who focused on the optimization of the residual moisture content and the separation 35 efficiency on the screen. Further research addressed the vibrating dewatering of bulk material 36 on screens [4] or the effect of wet screening on particle size distribution [5] . The performance 37 of wet and dry screening was exemplarily compared by Robertson et al. [6] . 38 To avoid extensive experimental tests, the discrete element method (DEM), which was first 39 introduced by Cundall and Strack [7] , can be applied to study screening and its sub-processes 40 in detail. It has been proven as a suitable tool in various investigations on screening [8] [9] [10] [11] [12] . 41 However, the particles were assumed as dry or the influence of the fluid was omitted in these 42 studies. In contrast, some researchers concentrated on wet screening applications. In the 43 investigation by Dong and Yu [13] , the particle flow and the complex screen geometry as well 44 as a simplified description of the fluid flow modelled by computational fluid dynamics was taken 45 into account. Other researchers coupled discrete element simulations with methods used for 46 simulating the dynamics of continua like the smoothed particle hydrodynamics (SPH) for wet 47 screening. In the work by Fernandez et al. [14] , one-way coupled DEM-SPH simulations are 48 performed to take the particle as well as the fluid flow into account. Therein, the particles are 49 completely covered by the surrounding fluid, which reduces the bonding of particles, removes 50 pile-ups on the screen and supports the transport of fine particles through the apertures 51 resulting in an improvement of the screening efficiency. In contrast, a slight natural amount of 52 water in the material can result in bonding of particles and in a lower screening efficiency [5] . 53 Therefore, it is preferable to perform screening either completely under fully dry or wet 54 conditions. Nevertheless, as fully dry or wet conditions cannot always be ensured, the 55 screening behavior under the influence of moisture must be better understood to determine 56
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is the effective radius. The assumption of an equally distributed liquid can be made for low 211 liquid viscosities and hydrophilic surfaces [24] and has been proven as a suitable assumption 212 in case that it is not desired to track the spatial distribution of the liquid on particles and walls 213 [50] . Thereby, it should be noted, that it results in a slightly higher number of liquid bridges with 214 respective lower volumes for materials with a low wettability compared to considering the 215 spatial distribution of the liquid. 216
For a particle i and a wall, the effective radius is = and the volume of the liquid bridge 217 is = + . In case of a wall, where the half length of the sides ( ) is larger than the radius 218 of the sphere ( > , referred to as large wall) the liquid volume contributed from the 219 particle is assumed to be like when a particle gets in contact with another particle of the same 220 size, calculated as 221
The liquid contributed from the wall is assumed as 222
where is the liquid film thickness on the wall and 4 2 is the projection surface of the 223 spherical cap of the particle on the wall (comp. Fig. 2 ). 224
For a wall, where one half side is shorter than the radius of the particle ( < , referred to as 225 small wall), which is e.g. the case for screen wires, the liquid bridge volume is calculated 226 differently. These wires are approximated by several triangular elements (comp. [11] ), giving 227 a nearly cylindrical shape. Two neighboring elements with the same normal vector form a flat 228 surface. If a particle is close to a screen wire, a direct contact between the particle and one of 229 9 these surfaces is assumed. The liquid contributed from the particle is based on the calculation 230 of a spherical ring with the area = 2 2 . The contact area of the sphere and a small wall 231 is only the part 2 360 of this area, where is the half filling angle, resulting in 232
With proposed geometric considerations for equal sized spheres and a direct contact, it is = 233 cos −1 � −d i,p/p � = 30°. To obtain the liquid that contributes from the particle, the area must 234 be multiplied with the liquid film of the sphere which is = 4 2 , giving 235
Under the same geometric considerations, the liquid contributed from the small wall can be 236 calculated as 237
where 2 is the projection surface of the particle's spherical cap on the wall. 238
In this investigation, it is assumed that a liquid bridge between a particle and a wall is always 239 located at the shortest distance of both contact partners. This means that the entire liquid 240 bridge is moving with the particle and that it is not fixed at the first point of contact. Although a 241 wall can be approximated by several triangular wall elements in the DEM, a particle is only 242 able to have a liquid bridge contact with the closest element of this wall. If a particle is already 243 in contact with another element of a wall, the existing contact information is transferred. 244
Moreover, in this investigation the assumption is made, that the volume of the liquid bridge is 245 constant from its formation until its rupture. The liquid volume from particles and walls 246 contributing in liquid bridges is stored in temporary values until all liquid bridge formation 247 processes of one time step are calculated. After that, the volume on the walls (proportional on 248 each element of a wall) and on the particles is determined. This ensures that liquid bridge 249 contacts of one contact partner with several other contact partners at the same time are all 250 build up under the same conditions. 251
Capillary liquid bridge force 252
The capillary liquid bridge force can be calculated based on several different models. As 253 described before, a classification can be made between the energetic method and a method 254 based on the Young-Laplace equation. Additionally, the models can be subdivided into two 255 groups the gorge (neck) and boundary (contact) methods. In the first group, the force is 256 determined at the neck of the liquid bridge, whereas in the second group the force is calculated 257 in the contact region of solid and liquid (comp. Fig. 2 ) [15] . A selection of models is briefly 258 described in the following and later applied in DEM simulations. 259
Based on the models used by Rabinovich et al. [16] and Pitois et al. [44] , which belong to the 260 neck method, the capillary force between two particles i and j and between a particle i and a 261 wall are calculated in this work as 262
where is the surface tension coefficient, , and are the static contact angles of the 263 particles i and j and a wall, respectively. = � + �/2 and = ( + )/2 are the mean 264 contact angles between two particles as well as between a particle and a wall, respectively 265 (comp. [73] ). Note that the contact angle is the angle formed by a drop of liquid on the surface 266 of a solid to the surface of this solid. The size of the contact angle between liquid and solid 267 depends on the interaction between solid, liquid and vapor at the three phase contact points. 268
The smaller this interaction is, the larger the contact angle becomes [74] . Therein, a 269 differentiation is made between the dynamic contact angle, which occurs in case of wetting 270 and dewetting of a solid as well as the static contact angle, where the surrounding does not 271 influence the contact area between liquid and solid during the measurement. Note that the 272 static contact angle is used for the applied models. S is the separation distance between 273 particles or between particles and a wall. In the second part of both equations, the attraction 274 force due to the vertical component of the surface tension of the liquid bridge is taken into 275 account. Therein, the half filling or "embracing" angle is calculated in case of two spheres as 276
The relation between the volume and a given half filling angle is as follows 277
For a sphere and a plate with given , the relation is 278
In section 3, some other capillary bridge models, which are applicable for a liquid bridge 279 between two spheres are applied to validate them against experimental results and compare 280 them with the already introduced model by Rabinovich et al. [16] . Therefore, they are briefly 281 outlined here. In the capillary bridge model by Willett et al. [18] the force is calculated as 282
where the scaled dimensionless half-separation distance is 283 * = 2� ⁄
and 1 , 2 , 3 , 4 are coefficients derived by curve-fitting to a numerical solution. They are 284 functions of and * which is explained in detail in the work by Willett et al. [18] . The latter 285 group of authors also proposed a simplified capillary bridge model where 286
In the capillary bridge model by Weigert and Ripperger [19] , which is an example for the 287 boundary method, the force is calculated as 288
where the half filling angle can be obtained as 289
and the capillary pressure is 290
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Viscous liquid bridge force 291
The importance of the viscous force increases with a high liquid viscosity or larger interparticle 292 velocities [42] . Due to the high frequency motion of a screen apparatus, the latter is relevant 293 and therefore, this force is important in the following investigations. The normal viscous force 294 was derived by Adams and Perchard [42] and can be obtained by 295
where is the liquid viscosity, = � + � ⁄ the reduced effective radius and 296 ⃗ = �� ⃗ − ⃗ � • �⃗ � �⃗ is the relative normal velocity of the spheres with the velocities ⃗ and 297 ⃗ . Pitois et al. [44] extended this formulation to make the normal viscous force dependent on 298 the volume of the liquid bridge , which was also applied in the work by Liu et al. [23] . Here, 299 it is calculated as 300
The tangential viscous force is proportional to both the relative translational and rotational 301 velocities and is obtained by several authors [24, 36, 43] as 302
with ⃗ = ⃑ − ⃑ − ⃑ as the relative translational and � �⃗ = � �⃑ + � �⃑ as rotational velocity of 303 the spheres. Based on the numerical solution of the stokes equation, Goldman et al. [45] 304 proposed the following equation for the tangential viscous force 305
which has a slight change in the part of the rotational velocity and is valid for smaller S 306 (S < 0.1rreff). In case of large S (S ≥ 0.1rreff) the following equation is proposed by Goldmann et 307 al. [45] 308
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When the separation distance S approaches zero, the viscous forces tend to infinity. For this 309 reason, a minimum separation distance = 0.001 is introduced and added to S (comp. 310 e.g. [47] ). 311
Liquid bridge rupture and redistribution 312
At a respective distance between two particles or a particle and a wall, the liquid bridge 313
ruptures. This rupture distance is calculated as follows by several authors [19, 35, 36, 38, 39 ] 314
which is valid for equal contact angles. Willett et al. [18] extended this equation and calculated 315 the rupture distance as 316
For different sized spheres and different contact angles, the rupture distance is dependent on 317 the contact angles and radii of the particles > (comp. [18] ) as 318
In order to take into account the influence of the particle velocity on the rupture distance, Pitois 319 et al. [48] introduced the dynamic rupture distance as 320
When the bridge ruptures, it ruptures at its thinnest point and the liquid of the liquid bridge is 321 redistributed on the contributing particles or the particle and the wall. Here, it is assumed, that 322 the liquid is instantly added to the liquid amount of both contact partners without a local 323 distribution. To ensure the same conditions for new liquid bridge contacts, the liquid amount of 324 one time step is cumulated and added to the particle or wall at the end of the current time step 325 (comp. section 2.2.1). The resulting liquid film thickness is calculated as 326
The liquid share, which is received by the particle or the wall, is dependent on the rupture 327 location. This location is dependent on the particle size, the contact angle and the volume of 328 14 the liquid bridge. Note that due to neglecting the gravitational force for the liquid bridge, the 329 rupture location is not influenced by the vertical position of one particle to another one. If the 330 contributing particles are of the same size and have the same contact angles, the rupture 331 location is centered between them giving the same liquid amount for both contact partners. For 332 different sized particles with the same contact angles, which is the case in this study, the 333 rupture location is closer to the small particle resulting in a larger amount of liquid assigned to 334 the large one. To obtain this amount, the transfer ratio between the two contact partners is 335 determined. Therefore, the shape of the liquid bridge before its rupture must be known, which 336 can be assumed with the parabolic equation 337
The location of the thinnest point of this bridge is where the derivation Y′(x) = 0 and is denoted 338 with the coordinates ( , ). To obtain this point of the liquid bridge before its rupture, the 339 following six equations must be solved numerically. The three phase contact points are located 340 on the two spheres with the coordinates (0, (0)) and ( , ( )) and can be obtained by 341
where is the shortest length of the liquid bridge plus both cap heights. The solid liquid 342 contact angles are related to the previously described parameters as 343
The volume of the liquid bridge is 344
where the volumes of the two parts of the liquid bridge, which are redistributed to each particle 345 after rupture, are given by 346
More details can be found in the works by Shi and McCarthy [43] , Pepin et al.
[49] and 347
Schmelzle and Nirschl [50] . 348
In case of a particle and a large wall, similar equations have to be solved. It is assumed that 349 the shape of the bridge is the same as for two equal sized particles. Besides, the wall has no 350 spherical cap, so it is not subtracted from the liquid bridge volume, giving 351 , = ∫ 2 ( ) (comp. eq. (43)). For a particle and a small wall, the shape is assumed 352 to be like in case of two different sized particles where only the spherical cap of the particle is 353 subtracted from the liquid bridge volume. 354
"Intercell" liquid bridge particle contacts and parallelization in the DEM
355
In addition to the implementation of the aforementioned models, it must be ensured, that the 356 liquid bridge contacts are identified correctly in the applied DEM code. The following 357 procedures are visualized in Fig. 3 . In the DEM, it is essential to detect contacts between 358 particles as well as between particles and walls fast and reliably. In order to avoid checking all 359 possible contact partners of a domain for a contact, various detection methods based on 360
Cartesian grids have been introduced, where based on binning of the particles only the 361 possible contact partners in one cell are checked for a contact (comp. e.g. [75] ). In a frequently 362 used method, the grid is adjusted so that cells are larger than the largest applied particle 363 diameter (comp. Fig. 3 , the 8 large red, blue and white cells surrounded by red lines), and a 364 particle is assigned to the cell where its center is located. In this way, possible contact partners 365 are only in the same or surrounding cells. In case of a polydisperse system, many small 366 particles can be in one cell, resulting in a longer time for the identification of contacts, giving a 367 reason for a different grid based contact detection method. When relying on this approach 368 throughout a DEM code, a small contact grid (comp. Fig. 3 , the 16 small cells in each large 369 cell) is applied to faster identify new and existing contacts between different sized particles 370 (comp. [75] ). A particle is assigned to each cell that is covered by a part of this particle. 371
Thereby, only cells with a particle assigned to it must be checked for a contact and the amount 372 of particles in one cell is comparatively small. 373
In case of a liquid bridge contact, the localization of a new bridge is similar but with the liquid 374 film added to the radius of the sphere as detection radius = + (situation 1 in Fig. 3 ). 375
Existing liquid bridges can become so large that they connect particles, which are not assigned 376 to the same grid cell (situation 2 in Fig. 3 ). In order to detect these existing liquid bridges, a list 377 containing the contact partners of each liquid bridge contact is created and checked each time 378 step before the new liquid bridge contacts are identified. With the parameters and 379 stored in a liquid bridge contact array, the liquid bridge forces, the rupture and the liquid 380 redistribution can be calculated at each time step for each liquid bridge contact even for 381 "intercell" liquid bridge particle contacts. 382 In order to require less computational time to perform DEM simulations of complex process 384 steps involving large numbers of particles like screening multiple processors can be used. The 385 applied DEM code is parallelized using domain decomposition, where the computational 386 domain is divided spatially in several smaller domains (comp. Fig. 3 , Process 1 (red) and 387 Process 2 (blue, white)), each assigned to one processor (comp. e.g. [76] ). By applying a 388 uniform or possibly even load based division, the calculation time can theoretically decrease 389 linearly with applied processors. An exchange of information between two neighboring 390 domains is performed with the help of boundary cells of the large DEM grid described 391 previously (comp. Fig. 5c ). The simulation setup is similar to the one used in the 414 work by Gladkyy and Schwarze [40] which corresponds to the experiments performed by Willet 415 et al. [18] and Rabinovich et al. [16] . 416
In the simulations, two spheres are placed in direct contact to each other (S = 0 m), but without 417 overlapping to prevent contact forces. This results in the formation of a liquid bridge. 418
Gravitational forces are not taken into account. One particle is pulled away slowly to avoid 419 viscous effects while the other one is fixed. The capillary liquid bridge force Fcap is tracked until 420 the bridge brakes due to reaching the rupture distance Srup. The implementation for a particle 421 and a wall is validated similarly. Therefore, a particle is placed in direct contact to a wall to form 422 out a liquid bridge before it is slowly pulled away from the wall. 423
In the work by Willet et al. [18] precision synthetic sapphire spheres and dimethylsiloxane as 424 fluid with a surface tension of σ = 20.6 mN/m and a contact angle of θi = θj = 0° are used. 425 Rabinovich et al. [16] used smaller silica particles, different oils with surface tensions of 426 σ = 24-28 mN/m and a contact angle between particles of θi = θj = 10° and between a particle 427 and a wall of θi = θw = 0-10°. 428
In Fig. 4 exemplary results for the calculation of the capillary liquid bridge forces in the 429 simulations for four different models [16, 18, 19 ] are compared to the corresponding 430 experimental data by Willet et al. [18] (Fig. 4a) and Rabinovich et al. [16] (Fig. 4b) . In Fig. 4a,  431 the results for a liquid bridge of Vlb = 13.6*10 -12 m³ between particles of r1 = r2 = 2.381 mm are 432 presented. The models by Willet et al. [18] and Rabinovich et al. [16] fit the experimental results 433 well over the whole distance and reveal only deviations for very small distances. In contrast, 434 18 the model by Weigert and Ripperger [19] provides the best result for a very small distance but 435 has large discrepancies for larger distances. 
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The results for a liquid bridge contact between a particle and a wall are presented in Fvis until the bridge brakes due to reaching the rupture distance Srup. 457
In Fig. 5b , the dimensionless force Ftot/σreff is plotted over the dimensionless distance S/reff. 458
Note that the capillary model by Rabinovich et al. [16] is applied for calculating the capillary 459 forces and the viscous models by Pitois et al. [44] and Goldmann et al. [45] In the investigation here, an optical measurement tool is utilized to measure the angle between 485 the slope of the liquid bridge and the tangent to the sphere at the three phase contact points 486 (comp. Fig. 6 ). The average value of 10 experiments is determined. It can be seen in Fig. 6d  487 that the contact angle between the POM spheres and water (1) is much larger than between 488 the glass spheres and water (2) . Furthermore, the bridge between the glass spheres is wider, 489 giving a smooth transition between sphere and liquid. Note that in this investigation the static 490 contact angle is measured and applied in the DEM. In case of two spheres, the contact angle 491 between each single spheres and the water was measured and the average value was taken 492 to account for gravitational effects. This is due to reducing the complexity for processes with 493 many particle and wall elements. In addition, the applied capillary force, rupture and 494 redistribution models are based on the static contact angle (comp. e.g. [51] ). 495
With the obtained contact angles (comp. Table 1) , it is now possible to determine the liquid 496 volumes , and , assigned to the particles i and j after the rupture of a liquid bridge by 497 numerically solving the equations given in section 2.2.4. With these liquid volumes, the transfer 498 ratio , = , � , + , � ⁄ between contact partners can be obtained. Note that the transfer 499 ratio is related to particle i, whereas the ratio for particle j is Tr,j = 1-Tr,i. In Figs. 7a ,b the transfer 500 ratios for several particle sizes and two contact angle combinations are shown for 501 dimensionless liquid volumes of * ≤ 0.5. The transfer ratio increases for a larger particle size 502 difference ri/rj and larger * . For a low contact angle (comp. Fig. 7a ), the transfer ratio inclines 503 21 nearly linearly and slowly with * , whereas a larger contact angle (comp. Fig. 7b ) results in a 504 steeper increase. Nevertheless, the transfer ratio for contact angles of θi = θi = 10° is lower 505 than for θi = θi = 40° for * ≤ 0.4. 506
The transfer ratio between a particle and a wall is presented in Figs. 7c,d for several contact 507 angle combinations. Here, the contact angle between a sphere and the water is chosen as 508 before (θi = 10° in Fig. 7c and θi = 40° in Fig. 7d) . As expected, a larger θw results in a higher 509 transfer ratio Tr,i and a larger θi causes a lower Tr,i. Additionally, if θi < θw the transfer ratio 510 increases with * and if θi > θw it declines. 511 
513
An equation for the transfer ratio, which depends on the particle size and the liquid bridge 514 volume, cannot be easily obtained to be applied in DEM simulations. Hence, for the DEM code, 515 a look-up table is generated to include this data with minimal more computational effort. This 
Experimental and numerical setup 530
The mechanical and physical particle and wall properties are presented in Table 1 . For the 531 experiments in this study, a batch screening apparatus, which can be applied for dry and wet 532 screening (comp. Fig. 8 ) is used. The screen apparatus is a modified "Haver and Boecker EML 533 digital plus" batch screen tower with a circular screen surface, additionally equipped with a 534 feed bin on top of it to ensure that the particles in experiment and simulation reach the screen 535 surface at the same time and that the screen excitation is already in a continuous motion. 536
Additionally, an outlet is added below the screen to measure the particle passage through the 537 apertures when they reach the collecting bin on a balance. Various screens with different 538 aperture sizes can be staked over the outlet of the screen apparatus. In the investigation here, 539 one screen surface is applied in each case with the aperture sizes in Table 2 adjusted to the 540 particle sizes in Table 1 . 541 
544
In a first step, the weighted particles are filled well mixed with the respective already attached 545 amount of water in the feed bin on a flat surface. After the screen reaches a steady motion, 546 the surface in the feed bin is pulled out and all particles drop as bulk material on the screen 547 surface. Some smaller particles directly pass through the apertures while others have to stratify 548 through the gaps between larger ones until getting the possibility to pass through the apertures. 549
After that, the particles drop on an inclined impact plate from where they get to the outlet and 550 through it on a balance, which continuously weights the incoming material. In this way, the 551 remaining mass over time can be compared between experiment and simulation for various 552
configurations. 553
In this investigation, POM and glass spheres are applied in three different equally distributed 554 discrete size classes. They are assumed to be ideal spheres of d1 = 5 mm, d2 = 7 mm, 555 d3 = 10 mm in the first configuration and d1 = 3 mm, d2 = 5 mm and d3 = 7 mm in the second 556 configuration. In all configurations, the particles and the aperture size are in the same 557 relationship, d1 < d2 < a < d3. In the following the particle classes are called small (d1), near 558 mesh (d2), which has the additional relationship 0.8a < d2 < a, and large (d3). POM spheres are 559 filled into the feed bin with a mass of mp = 3mpi = 3 x 250 g = 750 g. The amount of glass 560 spheres is chosen to be volume equivalent with the POM spheres giving a mass of mp ≈ 1410 g 561 (comp. Table 2) . 562
The experimental properties for the batch screening experiments can be found in Table 2 . For 563 both materials, three different liquid amounts in the range of 0 % ≤ M ≤ 10 % are applied. In 564 24 the case of glass spheres, the percentage amount is lower in order to maintain a pendular 565
regime. The applied liquid is distilled water. At the beginning of each simulation, the same 566 liquid film thickness is assigned to each particle (comp. [22] ). The walls are dry ( * = 0). 567
The screen profile is woven with cylindrical wires of w = 2 mm and w = 1.6 mm giving aperture 568 sizes of a = 8 mm and a = 5.6 mm, respectively. Note that the wires in the DEM simulation are 569 approximated as horizontal bars (not woven) with a cylindrical profile, which has proven to be 570 a valid simplification (comp.
[11]). 571 Stroke behavior Elliptical, mainly vertical (comp. Fig. 9) 
573
In Fig. 9 , the screen motion in 3D obtained by measurements of an accelerometer ("Sequoia 574
FastTracer PA") fixed under the screen is presented. The amplitude is set to A = 1 mm and to 575 A = 0.8 mm, respectively, resulting in a frequency of approximately f = 50.6 Hz. The motion is 576 elliptical but mainly in vertical direction (z-direction of the screen of about 0.9 mm and 0.72 mm 577 for the different configurations, respectively) while the motion in x-and y-directions is low with 578 maximum amplitudes of A < 0.1 mm. In the following, the set amplitude is used to differentiate 579 the cases. 580 a b 
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In Table 3 the DEM parameters coulomb friction , rolling friction and the coefficient of 583 restitution for POM and glass spheres with their respective contact partners are listed. 584
Details according the determination can be found in a previous work by the authors [67] . Note 585 that the coefficient of restitution for dry particles was obtained and applied in the simulations 586 due to considering the adhering effects by implementing the liquid bridge models. 587 
Fraction retained in experiments and DEM simulations
590
In the following, a comparison of the fraction retained between experiments and DEM 591 simulations is carried out. An overview of all performed experiments and DEM simulations can 592 be found in Table 4 . 593 
595
In Fig. 10 and Fig. 12 , the results are presented as fraction retained over time which is 596
where , ,0 is the initial mass at t = 0 s and , is the remaining mass of the particles and the 597 liquid which is not in the collecting bin at time t. The fraction retained can also be stated per 598 particle size class i, if the undersized particles should be considered as different fractions in 599 the DEM simulations which is exemplarily shown in Fig. 13 . This resolved fraction retained can 600 be calculated as 601
Here, , , and , , ,0 are the actual and initial fractional mass of the particles plus the liquid 602 assigned to the particles. 603
In the first investigations, dry material with different size classes is screened (Simulation 604
Nos. 1,4,7,10,13,16) and the experimental results for the fraction retained on the screen over 605 time are compared to the ones obtained by DEM simulations in Fig. 10 . 
610
Besides some minor deviations, the simulation results of POM spheres fit the experimental 611 ones very well (comp. Fig. 10a ). For an aperture size of a = 8 mm (d1/2/3 = 5/7/10 mm), an 612 amplitude of A = 1 mm (now referred to as initial configuration, independent of M) results in a 613 fast reduction of the fraction retained value until all particles are screened at t ≈ 15 s. In 614 contrast, an amplitude of A = 0.8 mm reduces the passing of particles after t = 5 s due to 615 shorter particle throws resulting in less possibilities for the smaller particles to pass through 616 gaps between coarse particles and the screen surface in the direction of the apertures. When 617 an aperture size of a = 5.6 mm (d1/2/3 = 3/5/7 mm) is applied, the particles pass the apertures 618 fast in the first seconds, but after t = 2 s the passing is reduced and takes longer than in the 619 initial configuration, both in experiment and DEM simulation. After the first layers of undersized 620 particles have passed the apertures, the larger particles peg the apertures more intensively 621 than in the initial configuration. Thereafter, the stratification through the coarse material to the 622 screen surface is hindered. The results for dry glass spheres are very similar, but some larger 623 deviations occur when applying a smaller aperture size (comp. Fig. 10b ). The retardation is 624 slightly more intensive, both in experiment and in DEM simulation. 625
In the next investigations, small liquid amounts are added to the particles. In Fig. 11 In Fig. 12 , the experimental results for the fraction retained on the screen over time for dry 640 particles and particles under the influence of different liquid amounts are compared to the ones 641 obtained by DEM simulations. In the initial configuration (comp. Fig. 12a ), a small liquid amount 642 (M = 5 %) reduces the particle passage, whereas a larger amount (M = 10 %) does not further 643 impair it, both in experiment and simulation. The influence of the water is comparatively low 644 28 due to the large contact angles and particle sizes. Therefore, the capillary force is low in 645 comparison to the weight force. In the DEM simulations, slightly more particles remain on the 646 screen between t = 2.5-10 s, but afterwards the results fit very well. When an amplitude of A = 0.8 mm is applied (comp. Fig. 12b ), the fraction retained value is 653 higher if water is added to the particles. The experimental and numerical results for a lower 654 amount of water (M = 5 %) fit very well. However, in the DEM simulations, the fraction retained 655 for a larger amount of water (M = 10 %) is slightly overpredicted. The influence of liquid is more 656 pronounced for the configuration with smaller particle diameters d1/2/3 = 3/5/7 mm (comp. 657 Fig. 12c ). Until t = 20 s the particle passage is reduced for M = 5 % and even more retarded 658 for M = 10 %. With smaller particle sizes applied in this investigation, the adhesive forces 659 become larger relative to the weight force, which is relatively small due to the low density of 660 POM. Due to the pegging of particles in the dry case, the fraction retained is similar after 661 t = 20 s for M = 0 % and M = 5 % and only slightly larger for M = 10 %. The DEM simulations 662
show the same trends but reveal some deviations between t = 1-10 s. 663
Applying the initial configuration with glass spheres as material (comp. Fig. 12d ), a larger 664 amount of water increases the experimentally and numerically obtained fraction retained. 665
However, the influence of the water is relatively low due to the large particle size, density and 666 the related masses. The simulation results under the influence of liquid both reveal some 667 deviations between t = 2-5 s. Afterwards, the results fit very well. The same trends are 668 recognizable for an amplitude of A = 0.8 mm (comp. Fig. 12e ). Here, all the results are closer 669
together. 670
The results for the glass spheres with smaller particle diameters of d1/2/3 = 3/5/7 mm (comp. 671 
692
In the configuration with an aperture size of a = 5.6 mm (comp. Fig. 13b ), the particles are 693 more influenced by the water, but pass the apertures as estimated in terms of small and near 694 mesh sized particles. Here, it is even more obvious, that after a while, the small and near mesh 695 sized dry particles are hindered from passing the apertures. In both configurations where an 696 amount of water is added to the particles, the passage is slower in the beginning of the 697 screening process, but it is not hindered and for M = 5 % even less particles remain on the 698 screen. If glass spheres are applied in the initial configuration (comp. Fig. 13c ), the resolved 699 fraction retained values are as expected before. Interesting is that the small particles (d3) under 700 the influence of a liquid amount of M = 5 % temporarily pass the apertures even slower than 701 the dry near mesh sized particles (d2). Besides the peculiarities mentioned about the not 702 resolved fraction retained (comp. Fig. 12f ), the configuration with small glass spheres (comp. 703 (Fig. 14a) and glass spheres (Fig. 14b) . Note that the residuals (light 709 blue contour, comp. Fig. 14c ) are due to mixing, transferring, evaporation and slots in the 710 apparatus. This amount is subtracted from the liquid amount before the simulation. The other 711 divisions (comp. Fig. 14c ) are the feed bin, the side walls and the outlet (red contour), the 712 coarse material and the screen wires plus the side walls of the screen (purple contour) and the 713 fine particles plus the collecting bin (green contour). Note that the liquid of the currently existing 714 liquid bridges is assigned by means of the transfer ratio (comp. section 4) to the particles or 715 walls for the evaluations concerning the liquid distribution. When applying POM spheres in the 716 DEM simulations (comp. Fig. 14a ), the amount of water on the screen and on the coarse 717 material as well as on the other wall elements is larger than in the experiments. 
771
In contrast to POM spheres, the liquid distribution in case of glass spheres (Figs. 15c,d ) nearly 772 reaches an equilibrium when the majority of the undersized particles are screened. In Fig. 15c 
